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Dust continuum
Public surveys of galactic disk are now available providing a
complete view of the dust throughout the MW disk
Dust continuum emission commonly used methods to derive
masses and distribution of molecular material
Introduction
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Motivation
Why γ and why the Milky Way
Spatial resolution and sensivity hard to match in external
galaxies
Direct determination of metal abundance gradients through
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Low-metallicity in outer disk can be taken as model for
low-metallicity environments
More accurate estimates of molecular gas quantity and
distribution
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The Experiment
The sample
Sources in the far outer Galaxy (R > 14 kpc)
Associated with MIR emission (WISE or MSX @ ≈ 22 micron)
Surface density of molecular gas > 20 M pc−2, using local γ
(70− 230 M pc−2 using values for the Magellanic clouds)
TOP100: 110 sources with the potential of forming massive stars
Extremely well characterised
Cover the entire evolutionary sequence: only MIR-bright
selected
57 sources between 2 kpc . R . 7 kpc
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From the SEDs we compute the mass of the dust within the
aperture and the peak surface density
Ossenkopf & Henning model used for the dust composition
and properties
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CO surface densities
We assume LTE and use Tdust to estimate Tex
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To estimate the surface density of molecular gas, we need the
C18O abundance
We assume that CO abundance follows the C/H gradient and
we use the local CO/C18O ratio
C is less abundant than oxygen and remain so throughout the
disk
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The gas-to-dust gradient
Radial gas-to-dust gradient
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We obtain a gradient for γ of
0.087 dex kpc−1
O/H can be used as a proxy of
metallicity
O/H is marginally flatter than
O+C+N/H and Fe/H, but overall
consistent within errors
Therefore, as a function of Z,
γ ∝ Z−1.4
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Factors that can change the gradient slope
Addressing uncertainties
Several factors may influence the slope of the gradient
and make it flatter:
Dust composition (e.g. Pei 1992; Weingartner & Draine 2001)
Degree of coagulation
CO abundance can be shallower than C/H
or steeper:
CO/C18O gradient
Increased fraction of CO-dark gas
Decreased molecular fraction
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Magellanic Clouds have Z = 0.5, 0.2Z
For this Z we obtain γ = 420, 1750 accounting for He; excellent
agreement with Roman-Duval et al. 2014
Our results show that the dust-to-metal ratio decreases with R
Most common situation in external late-type galaxies, and
suggests that dust growth dominates over destruction
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Summary
Summary
The gas-to-dust ratio in the Milky way shows a radial
gradient
It increases by 0.087 dex kpc−1, or, equivalently it varies as
Z−1.4
Predicted γ for Z of Magellanic Clouds in excellent
agreement with observational estimates
Metal-to-dust ratio decreases radially, as commonly
observed in external late-type galaxies
This indicates that dust growth dominates over destruction

Radial gas-to-dust gradient
JAGS is used to model the Σgas/Σdust ratio, considering
uncertainties
CO abundance
C/H is significantly steeper than O/H
C/H ≈ 0.080 dex kpc−1
O/H ≈ 0.056 dex kpc−1
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Blue: [Cii] 158 micron
CO is detected in clumps only!
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Is a model with a constant value of γ to be favoured?
From Bayesian model comparison odds ratio of & 8 in favour
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